NASA ENERGY AND WATER CYCLE STUDY

Integration and Testing of Ice-/Mixed-Phase Precipitation Models 7573
JeET . for GPM Radar-Radiometer Algorithm Applications cEsTAR £ MORGAN

STATE UNIVERSITY

William Olson!, Kwo-Sen Kuo?, Lin Tian3, Mircea Grecu?, Benjamin Johnson*, Craig Pelissier’, Andrew Heymsfield®, and Stephen Munchak’
1: Joint Center for Earth Systems Technology/Univ. Maryland Baltimore County; 2: Earth System Science Interdisciplinary Center/Univ. Maryland College Park; 3: Goddard Earth Sciences Technology and Research/
p = Morgan State University; 4: University Corporation for Atmospheric Research; 5: Science Systems and Applications, Inc.; 6: National Center for Atmospheric Research; 7: NASA/Goddard Space Flight Center

| Module

Why ? to improve the physical / statistical models used in GPM radar and combined

s B radar-radiometer precipitation estimation algorithms. At left is a schematic of the GPM
E —— j_ p:m,swm — combipe.d. radar-radiometer precipitation es.tir.nat.ion algorithm. This algf)rithm uses ipput radar
| ooraneters riorainregons | reflectivities from the Dual-frequency Precipitation Radar (DPR) and microwave radiances
/ vt /L IK"M from the GPM Microwave Imager (GMI) to deduce profiles of precipitation in all phases The nonspherical ice-phase precipitation model (aggregates) described at left was used o
Sl gene@eensmﬁifk (liquid, ice, and mixed-phase). The accuracy of these precipitation estimates depends not only to generate polydispersions of “snow’ particles, and the scattering properties of these e :
—:P pm:gﬁegﬁtm 'ﬁ- on the validity of the input data, but also on the realism and representativeness of the particles were integrated over assumed normalized gamma particle size distributions to .%f 2 :
el EREEEEEEEE physically-based precipitation profile models used to fit the input data. obtain bulk scattering properties. These scattering properties were introduced into look- L.’? BN
l"""m“"“’ —Eseousx%%gsamomi up tables that support the VO5 combined radar-radiometer precipitation estimation Viie 10C gigg e ﬂ
st G efectes |<- In the figure at left, the microwave electromagnetic scattering properties of precipitation algorithm. precc '@$M ! f,
v E _W?@ particles are tabulated in the purple static file. These tabulated scattering properties are {"%5:'57‘:3; A , /”J“‘,,
L ™ |“ == functions of the assumed particle phase (temperature), size distribution, density distribution GPM combined algorithm estimates of snow rates just above the freezing level, as well a5
lmw (for ice and mixed-phase), habit, and meltwater fraction. In addition to the tabulated scattering as simulated upwelling brightness temperatures at 89, 166, and 183+7 GHz based upon
—v properties, for algorithm applications it 1s also important to prescribe the statistical behavior of the spherical ice-particle model (Mie 100, for 0.1 g cm™ constant density spheres) and
/ PlASstiness /L’l e | precipitation particle size distributions; e.g., the covariance of particle size distribution the nonspherical ice particle model (KuoSno, V05) are shown, for overpasses of Kuc , _ ] R _ ’
““““““““““ l parameters as a function of altitude. In sum, the objective of this work is to develop better mesoscale convective systems on orbits #2901 (top 3 rows) and #6206 (bottom 3 rows). Pp@Skmre = e | e
parameterizations of the physical and statistical properties of ice and mixed-phase precipitation Also shown are the GMI observed brightness temperatures at 89, 166, and 183+7 GHz . "é?r% -0 E% gjw“_:
Coeee] for algorithm applications. in the lowest row of each set. The introduction of nonspherical snow into the combined orbit #2901 SR um MC mweT B S

algorithm results in lower estimated snow rates, yet the simulated scattering signatures
(brightness temperature depressions) at the higher microwave frequencies are greater,
in better agreement with the GMI scattering signatures. This 1s primarily due to the
lower asymmetry parameters of the nonspherical snow, which results in greater
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The particle scattering models developed during the TRMM era assumed that all simulated crystals/aggregates and their single-scattering properties backscatter of low-intensity cosmic background radiances from space. ("/i'* -
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precipitation-sized particles were spherical, due to the simplicity of computing the single-
scattering properties of spherical particles. However, it is known that larger raindrops are
better approximated by oblate spheroids, and ice-phase precipitation particles exhibit a
variety of complicated particle shapes. The focus of our investigation will be to see if we
can find reasonable parameterizations of ice- and mixed-phase precipitation particle size
distributions and particle shapes that produce bulk scattering properties that are consistent

with simultaneous radar, radiometer, and in situ microphysics probe observations from the
GPM field campaigns.

H
Below are 2-D histograms of simulated vs. observed 166 GHz brightness temperatures, ig f o
derived from combined algorithm applications using spherical snow (at left) and e
nonspherical snow (at right) models, over the month of September, 2014. Note that the Mlelﬂﬁs“ék‘%\
more realistic scattering of the nonspherical snow model results in lower simulated Precp @$‘kmza
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brightness temperatures, in agreement with GMI observations. The better fidelity of o “,,,q %s . e e
u f '

simulated brightness temperatures i1s important, because the higher-frequency u
microwave channels can now be used with more confidence in the estimation of snow ' j; o
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precipitation profiles and l{uoSn@@;‘é’*c
associated brightness temp- 89 GH'F‘ 66 GH7 %
: eratures can now be intro- B e PR - 31 N "?“ga?:*‘?s‘%%ﬂ‘??:’z
duced into the radiometer orbit #6206 R HTe %
algorithm databases to
support Bayesian estimation

For each particle size in any prescribed particle size distribution, the mass (or density) of the
particle, its shape or habit, and the meltwater fraction of the particle must be specified. ooy 17 i
Starting with pure ice-phase precipitation, we have examined the properties of both pristine B D
crystals (plates, needles, dendrites) as well as aggregates of crystals. Aggregate ice particles
are particularly important because they tend to be the dominant particle habit among
particles of relatively large size, and they also produce high radar reflectivities at the onset of
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meltlng . 0% — Egﬁp%igg;, [ ® — EE%?E); | C])%OS B::ISI%HTBP:JESS%'S@MP??P% CL%% B::IE%HT%IXE)SSET%MP??P% Wlth leSS blaS.
We have implemented a 3-D growth model for pristine crystals and a pseudo-gravitational RN PIENSION SQUSERAEER gl GO MR
. . . ) . 89.00 GHz 89.00 GHz 165.50 GHz 165.50 GHz
collection model to create aggregate particles. The figure at above right contains images of 100000 o e -~ I B SR
pristine ice crystals that were simulated using the growth model, and the various aggregates = 1o = o3 = 1000, 08 e
shown below the crystals are constructed from crystals of the same habit but with different § oo % o N v | Althoush herical ] 1l N ber D i+ s
sizes and spatial orientations, that have been sequentially collected. The constructed § - 20.4 § . | e t ou% nons% erllc;attsnow g a{t;c 5 (aggregates) tgten§ra Y 107 um , er | enS| IeS S 107 o Number Densmes o
particles are filtered to represent different observed mass-size relations. E % = DDA Regr. appedt o.pr.0V1 cd . cHet m.o ©1 TOT IICTOWave sc.:a crng *E : { — Om ‘TE : 1 — Om
3 ooot0. % 02 S ooot0] o] Micp®) | characteristics, melting particles present a more difficult challenge. = : No Collection ] — 100m = ; With Coll 1 — 100m
.- § - Mepoom : : : : { — 200m : ith Collection | __ 200m
Using this method, roughly 6600 ice particles have been simulated, ranging from single Ty TR TR T TR T N T TRTR TR TR TR T N Ty TR Ty T T A Ta T T T T fAs d§scr1bed ?Dt left, tI;e ezlfolutlc;n of P am?g Shillp g Elmd n;leltwater % 108+ 300 m % 106 L 300 m
. . . . . LIQUID-EQUIV. DIAMETER [mm] LIQUID-EQUIV. DIAMETER [mm]| LIQUID-EQUIV. DIAMETER [mm] LIQUID-EQUIV. DIAMETER [mm]| - -
pristine crystals to multi-crystal aggregates (sizes from 260 to 14,260 um maximum raction must be simulated as a function of depth below the Z : — 400m = : — 400m
di : Ithoush 0 . h : di : 25 000 have b simulated melting aggregates freezing level, if melting layers in stratiform precipitation regions LUl : — 200m 1 : — 500m
1mension, although recently, particles with maximum dimensions up to ~2J, uwm have been | are 10 be broperlv modeled. The thermodvnamic particle meltin o) _ 600 m s _ 600 m
generated). Each ice particle is constructed on a 3D numerical grid, and the microwave single-scattering N P g y’b datl f.t lowed hy prt' e to fall g E 10°k 700 m % 105 1 700 m
properties of each particle are computed using the discrete dipole approximation (DDA; see Draine and sm(;g f‘ lobn(si tehscrl i tﬁ c latl' ov;/e eacThsnoZ Pab 1 I?t l()) ad ’ 0 ; ggg " @ E ggg m
Flatau, JOSA, 1994). In the DDA, a particle 1s represented by a grid of dipoles; each dipole interacts with un 1? lirde ’ riﬁ{g L edmgtﬁng a}(lier. 1 Zr | ?g q datn li - ! 1000 m % ﬁ 1000 m
an incoming electromagnetic wave as well as the scattered waves from all other dipoles in the particle. At 001 Lo Slmlll(a ¢ uiLng hls ttm Ot' errr;l(?b?;nzmlctmo ¢ elr; ca o be Z 0% Z 0 e
above right are simulations of the single-scattering parameters of the individual particles (blue dots) using . wedk, even THotgh allenuation CARIDILE 4 Srong pedx. 0.0 05 10 15 20 25 3.0 00 05 10 15 20 25 3.0
DDA, as well as the parameters for spheres of the same mass and either variable density (solid green lines) To add his he th 4 , del dified t LIQ.-EQUIVALENT DIAMETER [mm] LIQ.-EQUIVALENT DIAMETER [mm]
or a constant density of 0.1 g cm™ (dashed green lines), derived from Mie theory. | O aaaress t, 1§ 1ssue, the CIModynamic model Was MOed 1o
Bulk Reflectivity include continuous self-collection of particles, regardless of their 13.6 GHz Bulk Atten. Reflectivity liquid 13.6 GHz Bulk Attenuation liquid
. . . . ] . ] . _ 0 T 1\ r Y T T . . * * * — 0............................ 7 —_ 0 L 5 I S S S N S S S S SR SN S S S R S
Relative to the variable-density spheres, the constant density Mie spheres provide a better approximation to E L | e stage of melting. Shown in the upper panels at right are the E T 1 equiv. D, E equiv. Dy,
: . EEEA ] A particle number densities without (left) and with (right) self- = - i o
the aggregate particle backscatter efficiencies at 13.6 and 35.5 GHz. However, note that at the 89 and 2 500l 1 060mm Hecti [ lor indicates the denth relative fo the f . w : —060mm 3 —— 0.60mm
. . . L 4 1.00 mm | \ _ —
165.5 GHz channel frequencies of the GMI, the asymmetry parameters of the Mie spheres are consistently = - 140 mm coticction. Line cofot Incicdtes the aepth refative 1o Ihe lreezing o 200 / s, ] —— 1.00mm E 200 — 1.00mm
- : e SRINTY - 5 | 1.79 mm level. If self-collection is included, it can be seen that the smaller ~ 4 . 1 40 mm 1.40 mm
higher than the aggregate asymmetry parameters. This characteristic leads to an inability of Mie spheres to Z 400 4 —— 215mm 6 icles. | Goul lected by the | ol O fr . & ) .
simultaneously fit radar and high-frequency radiometer data in field campaign tests (see Olson et al., g - MEttng particies, M particiar, 4re COHECIe@ by e TAISEr particies = 4001 ; y l7emm = 400 = o
o T in the distribution, resulting in a peak number density near 0.5 mm & ~ : t 4 —213mm B - —— 2.13mm
JAMC, 2016). = 600 . .. : : L ot : K hat
= liquid-equivalent diameter. The slope of the distribution is sub- L _ . ' L .
a . | - e < 600 - ' f- 600 |- -
: .. .. : 300 ... NNV Y SO exponential at larger particle sizes. == [ : : T _
The propertles. of melt.m.g ice 01.'ystals, aggregates, and g?aupel are al.so being investigated. In one i 30 40 50 N | Dashed: with Collection| | E ! Dashed: with Collection-
approach, the ice precipitation is represented on a 3D grid, and melting occurs based upon the exposure of REFLECTIVITY [dBZ] As described af left. th o s of borical a so0! : ; j 8 ool ' ]
. . . . . . . As described at lelt., the scattering properties or nonspnericat 090000 oUOL.... ..., 1 FEPPETTTAR M FRTTT 1 P T Pree M | L A E I R U B
ice to air (warming), while meltwater migrates toward local centers of mass to simulate the effects of Bulk Attenuation s described at left, the scattering properties ot nonspherica
: : . : : : - T liquid aggregate melting particles are “mapped” to particles with the 10 20 50 40 >0 0.0 05 10 15 20 25 30
surface tension. The evolution of a melting aggregate based upon this approach is shown at above right, E | equiv. D i , REFLECTIVITY [dBZ] ATTENUATION [dB km']
s : . : : : = am- = same mass and meltwater fraction in the thermodynamic
with ice in blue and meltwater in red. The single-scattering properties of the melting aggregates are = 1 060mm . . . . . o o . . o .
computed using DDA and “mapped” to spherical particles with the same mass and meltwater fraction in 5 | — Loomm 51mulat10ns. The. bulk scatter properties of the resulting particle d1str1‘put10ns can then be calculated for 1n1.t1?11 (at freezing level) SNOW size dlStI‘lbll'[.lonS w1.th different VO}ume—
simplified 1D thermodynamic simulations of the melting layer. Simulations of bulk reflectivity and s { —— 179mm we1ghted mean diameters (0.6., 1.0,1.4, 1.8, and 2.1 mm). .The resulFlng 1.3.6 GHZ. bulk at.tenuated reﬂect1v1ty. and bulk attenuatlor.l for non-collect.lng. (solid) and collec.tl.ng (dashed)
specific attenuation based upon polydispersions of melting particles are shown at right, for different initial % partlcle§ are shown at above Qght. Not§ that due to co.llectlon, there Is an increase in the size of tl}e larger pa.rt1cles as .they fall, which leads to a shift in the peak reflectivity and
median volume (liquid-equivalent) diameters. It is evident that polydispersions of melting homogeneous = i attenuation to greater depths in the melting layer. Particle self-collection leads to greater reflectivity/attenuation magnitudes as well.
. ) ) =
spheres (0.1 g cm™, solid lines) have properties that are different from those of melting nonspherical - - _ _ , . . .
800U vt A new set of melting aggregates has been created, based upon a sample of the full spectrum of nonspherical snow particles in our database. The scattering properties of these new

aggregates (dashed lines). The different attenuation-reflectivity relationships represented by these melting 0o 05 To ls oo o

particles will impact combined radar-radiometer estimates of precipitation profiles ATTENUATION [dB k'] particles will be calculated and assigned to melting particles in the thermodynamic simulations. The impact of stochastic variability on self-collection will also be investigated.



